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In t roduc t i on  

S ince  1979, Exxon Research and Engineer ing Company has operated a one ton-per-day 
Process Development U n i t  (PDU) a t  Baytown, Texas i n  support o f  t he  development o f  
t h e  C a t a l y t i c  Coal G a s i f i c a t i o n  P r  cess (CCG). D e t a i l s  o f  t h i s  process develop- 
ment e f f o r t  are avai 1 ab le e l  sewheref a-c. Th is  paper sumnari zes responses o f  coal , 
p a r t i c u l a r l y  swe l l i ng  and coke densi ty ,  t o  g a s i f i c a t i o n  c o n d i t i o n s ;  some c h a r -  
a c t e r i s t i c s  o f  t h e  f i v e  c o a l s  which have been processed i n  t h e  PDU are g iven i n  
Table 1. The PDU u t i l i z e s  a h igh pressure f l u i d i z e d  bed g a s i f i e r  t h a t  operates a t  
3.4 MPa (500 p s i a )  and 978°K (1300°F). Coal i s  t y p i c a l l y  cata lyzed by  wet m i x i n g  
w i t h  potassi,um s a l t s  (KOH, K2CO3) p r i o r  t o  i n t r o d u c t i o n  i n t o  the  g a s i f i e r .  The 
a1 k a l i  c a t a l y s t  promotes g a s i f i c a t i o n ,  s h i f t ,  and methanation i n  a s i n g l e  thermo- 
n e u t r a l  r e a c t o r .  Ano the r  i m p o r t a n t  c a t a l y s t  b e n e f i t  i s  t h a t  i t  reduces  the  
t h e r m o p l a s t i c i t y  o f  bituminous coals a t  t h e  same t i m e ;  however, enough the rmo-  
p l a s t i c i t y  p e r s i s t s  t h a t  i t s  impact must be considered when opera t i ng  a f l u i d  bed 
g a s i f i e r  (F igure 1). The t h e r m o p l a s t i c i t y  mani fests  i t s e l f  as agglomerat ion wh ich  
o c c u r s  d u r i n g  t h e  t r a n s i e n t  p l a s t i c  s t a t e  and as s w o l l e n ,  s t r u c t u r a l l y  weak 
p a r t i c l e s  . 
Because C C G  c o n d i t i o n s ,  v i z . ,  h i g h  h e a t - u p  r a t e  and h i g h  pressure, are q u i t e  
d i f f e r e n t  from the cond i t i ons  at which conventional t e s t s  f o r  t h e r m o p l a s t i c i t y  are 
c a r r i e d  out ,  i t  seemed important t o  develop a technique which best  reproduced the  
CCG condi t ions.  Th is  view i s  w e l l  supported i n  the  l i t e r a t u r e .  I n  t h e  p y r o l y s i s  
o f  c o a l ,  b o t h  an i n c r e a s e  o f  h e a t i n q  ra te2a -d  and pressure 2b*c*esf  have been 
associated w i t h  decreased v i s c o s i t y  o r  i n c r e a s e d  f l u i d i t y  d u r i n g  t h e  p l a s t i c  
t r a n s i t i o n  o f  coal .  The reduced v i s c o s i t y  associated w i t h  increased hea t ing  r a t e  
i s  normal ly  a t t r i b u t e d  t o  the r a p i d l y  increas ing temperature wh ich  o c c u r s  d u r i n g  
py ro l ys i s .  Th is  r a p i d  temperature increase r e s u l t s  i n  an enrichment o f  t h e  l i q u i d  
products  i n  t h e  p l a s t i c  mass a t  a h i g h e r  tempera tu re .  The e f f e c t  o f  i n c r e a s e d  
p r e s s u r e  i s  t o  r e p r e s s  e v o l u t i o n  o f  t h e  l ow  v i scos i t y ,  v o l a t i l e  components from 
t h e  p l a s t i c  coal .  

T y p i c a l l y ,  s w e l l i n g  i s  i n c r e a s e d  b y  f a c t o r s  t h a t  decrease v i s c o s i t y  d u r i n g  t h e  
p l a s t i c  t r a n s i t i o n .  There i s  g e n e r a l  agreement i n  t h e  l i t e r a t u r e  t h a t  an i n -  
c reased  h e a t i n g  r a t e  i n c r e a s e s  the  p o t e n t i a l  f o r  g rea te r  swell ing2asb. However, 
t h e  in f luence o f  pressure on swe l l i ng  i s  not  as c lea r .  Increased pressure reduces 
v i s c o s i t y  but also, because o f  compression, reduces t h e  t o t a l  volume o f  gases t h a t  
are released and a v a i l a b l e  t o  swell  t h e  l a s t i c  coal. Increas ing t h e  p r e s s u r e  has 

The dif ferences are l i k e l y  due t o  the d i f f e r e n t  procedures and p h y s i c a l  a r range-  
ment of t h e  techniques used t o  measure swel l ing.  Therefore, it was impor tant  f o r  

been r e p o r t e d  t o  increase2bSf, decrease !! 9, o r  have l i t t l e  e f fect2cSh on swel l ing.  
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us t o  choose a technique  f o r  measuring swelling tha t  was applicable t o  our high 
pressure f lu id  bed in that i t  would be capable of d i f fe ren t ia t ing  good performance 
poten t ia l  i n  a feed coal from marginal or unacceptable potential .  I n  addition, 
the technique had t o  be simple and re la t ive ly  f a s t  f o r  use as a q u a l i t y  cont ro l  
t e s t .  

This paper o u t l i n e s  t h e  technique developed and i l l u s t r a t e s  t h e  use of t he  
t e s t  in the  study o f  t h e  impact of process v a r i a b l e s  of i n t e r e s t  ( c a t a l y s t ,  
c a t a l y s t  d i s t r i b u t i o n ,  coal pre t rea tment ,  p ressure ,  g a s  atmosphere) on coal 
thermop 1 ast  i c i t y  . 
Free Fall Swelling Test 

A simple, easy t o  use l abora to ry  t e s t  un i t  was devised t o  s tudy  coal 
thermoplasticity within the context of CCG condi t ions .  The t e s t ,  known as the  
Free Fa l l  Swelling Tes t ,  s imula tes  major C C G  process va r i ab le s  such as  h i g h  
presswe and high heat-up i a t e .  A schemat ic  o f  the  Free Fa l i  i i n i i  i s  ~ h o k n  i i i  

Figure 2. 

Pressure i s  con t ro l l ed  by a back pressure requlator 8 ( typ ica l ly  between 0.1 and 
3.5 MPa). Coal a l iquo t s  (150um x 600um, 0.25 g *O.oTq) are fed throuqh a set  of  
two valves t o  t h e  hot  drop tube v i a  t h e  f e e d l i n e  3. The coal par t ic les  f a l l  
f r e e l y  through t h e  heated zone ( t y p i c a l l y  ope ra t e r in  the temperature range of  
978-1033'K) where they are rapidly heated, pyrolyzed, and form coke o r  char .  A 
p a r t i c l e  heat-up model was applied t o  es t imate  heat-up r a t e s  and f r e e  f a l l  
residence times. Time average heat-up ra tes  range from 2,800 t o  11,00O'K/sec fo r  
t he  range of pa r t i c l e  s izes  used. The solid residue i s  removed from the drop tube 
by withdrawing t h e  qua r t z  l i n e r .  The use o f  a q u a r t z  l i n e r  allows easy and 
complete removal o f  the residue and qives v is ib le  evidence that t a r  evolution has 
ceased before the residue reaches the bottom of the l iner .  

On cool ing ,  a measure i s  made of res idue  loose bulk dens i ty  (equation 1) and 
swelling (equat ion  2 ) .  Generally speaking, res idue  d e n s i t i e s  a r e  l e s s  than 
coal d e n s i t i e s  because of t he  combined ef fec t  of mass loss and swelling due t o  
the transient thermoplastic s t a t e ,  and t h e  d e n s i t i e s  usua l ly  vary between 0.05 
and 0.55 g/cc.  The Free Fa l l  Swelling Index (FFSI, equation 2 )  i s  a measure 
of swelling, and i t  usua l ly  va r i e s  between 1.0 (no swel l ing)  and 12.0 ( a  
twelve-fold increase in loose bulk volume re la t ive  t o  the s ta r t ing  coal) .  

Residue Mass (9)  (1) Residue Loose Bulk Density = 
Loose Bulk Volume (cc) 

Residue Loose Bulk Volume (cc )  

Coal Loose Bulk Volume (cc )  
(2 )  Free Fall Swelling Index = FFSI = 

The need t o  develop an a l t e r n a t i v e  t o  conventional t e s t s  f o r  thermoplas t ic  
tendency i s  made more c l e a r  by the  da ta  in Table 2 ,  a comparison of ASTM Free 
Swelling Index (FSI )  and the  FFSI of s e l ec t ed  coa ls  determined under C C G  
condi t ions .  T h e  ASTM FSI ' s  are a l l  low, t h a t  i s ,  t h e r e  i s  no swelling and 
l i t t l e  o r  no agglomeration, b u t  t h e  FFSI's ranqe from 1 . 0  t o  5.6. There a re  
a l so  c l e a r  morphological d i f f e rences  in t h e  res idues  from both t e s t s .  The FSI 
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res idues  are qranular  s o l i d s  which r e t a i n  t h e  s h a r p  edges and du l l  su r f aces  
found i n  the  o r iq ina l  coa l .  B u t  t h e  f r e e  f a l l  res idues  " B "  and " C "  are com- 
posed Of b loa ted ,  r e f l e c t i v e  spheres which appear t o  have gone through a f l u id  
s tage  (as  in Figure 1) .  The the rmop las t i c i ty  implied by t h e  morphological 
d i f fe rences  between coa l  and pyrolyzed res idue  was l a t e r  d i r e c t l y  observed by 
capturing on f i lm the behavior of r ap id ly  heated s i n g l e  p a r t i c l e s  of ca ta lyzed  
I l l i n o i s  No. 6 coal i n  a f a s t  photography c e l l  (FILM SEGMENT #1: I l l i n o i s  + 
12.2 w t  % KOH, 0.1 MPa helium, f i lament  heat-up r a t e  = 1000"K/sec). Melting, 
bubbling, swelling, and thermosetting were c lear ly  evident. 

The poss ib i l i ty  t h a t  a coal could exh ib i t  no swel l ing  a t  low heat-up r a t e  but 
exhib i t  d i s t i n c t  swel l ing  a t  a higher heat-up rate i s  implied by the work of Van 
Krevelenza. Therefore, the contrasting FSI and FFSI resu l t s  obtained here come as 
no surprise because of the large difference in heat-up rates (FSI = 5"K/sec, FFSI  
>1000"K/sec). Since t h e  condi t ions  of t h e  Free Fall Swelling Test more nearly 

resemble CCG conditions, and because swelling behavior in t h e  t e s t  i s  a t  l e a s t  
q u a l i t a t i v e l y  more in l i n e  with behavior in a f lu id  bed gas i f ie r ,  the Free Fall 
Swelling Test seemed t o  be t h e  be t t e r  choice t o  s tudy  the rmop las t i c i ty  a t  CCG 
conditions. 

Effect of Pressure 

Thermoplastic behavior o f  potassium-catalyzed I l l i no i s  No. 6 coal was f i r s t  ob- 
served in C C G  work during l a r g e  s c a l e  char preparation in a 0.78 MPa/3 kg-ks-1 
Fluid Bed Gasifier ( F B G ) .  Fluid bed d e n s i t i e s  which were lower than previous ly  
measured were noted in  the  FBG3. Durinq start-up of the  PDU w i t h  t h  same coal,  

1aBoratory t e s t s  then identified pressure as one important va r i ab le  in ca ta lyzed  
coal agglomeration5. PDU runs a so suggested the importance o f  pressure, and of 
ox ida t ion ,  t o  f l u i d  bed dens i ty Ib .  However, s ince  o the r  va r i ab le s  such as 
superficial velocity changed along with pressure ,  i t  was d i f f i c u l t  t o  uniquely 
determine the effect  o f  pressure on thermoplasticity and gas i f ie r  properties. 

The va r i a t ion  of t he  loose bulk dens i ty  of pyrolyzed coal from t h e  Free Fa l l  
Swelling Test with pressure (Figure 3)  i s  in agreement with t h i s  ea r l i e r  data which 
indicate t h a t  higher pressures increase coal thermoplas t ic i ty . ,  The d e n s i t i e s  of 
uncatalyzed and catalyzed-oxidized I l l i no i s  No. 6 coals decrease as the Free Fall 
Unit pressure i s  raised above atmospheric pressure. Char densit ies at  3.5 MPa f a l l  
i n t o  the  expected order :  catalyzed-oxidized >ca ta lyzed  > uncatalyzed. The re-  
producibility o f  the measurement i s  indicated by good agreement between the two 
s e t s  of data on catalyzed-oxidized coal (Figure 3,Oand A ) .  The effect  of pressure 
on thermoplasticity, as manifested by swelling, was l a t e r  d i rec t ly  observed by f a s t  
photography of s i n g l e  p a r t i c l e s  o f  potassium catalyzed I l l i no i s  No. 6 coal (FILM 
SEGMENT #2: I l l i no i s  + 12.2 w t  % KOH a t  3.5 MPa). These fi lms show more swel l ing  
at 3.5 MPa than a t  0.1 MPa. 

This trend i s  a t t r i b u t e d  t o  the e f f e c t  of pressure  on t h e  vo la t i l e  components 
during the extremely rapid pyrolysis. I t  is  thought that  higher pressure  r e t a r d s  
the  escape o f  v o l a t i l e  pyro lyza tes  from coal p a r t i c l e s  by sh i f t ing  the  boiling 
points of the vola t i le  components t o  a higher temperature range. Because o f  t h e  
short time involved with t h e  rapid heating, most of the  vola t i le  components will 
remain in the par t ic le  until  they begin t o  boil ( i .e. ,  the i r  vapor pressure equa l s  
the  t o t a l  p ressure  of the system). With the more vola t i le  and, hence, l i ke ly  less  
viscous and solvent-like components re ta ined  t o  a higher temperature,  t h e  coal 
a t t a i n s  a lower v i s c o s i t y  durinq the p las t ic  t rans i t ion .  Because of t h i s  lower 
viscosity, the evolving gas has a greater swelling e f f e c t  on the uncons t ra ined ,  
f r e e  f a l l i n g ,  p las t ic  coal particle.  A t  a pressure of approximately 1.5 MPa (200 

f eed l ine  pluqging caused by agglomeration was frequently a problem f . Fixed bed 
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p s i g ) ,  t h e  m a j o r i t y  o f  t h e  components t h a t  w i l l  a f f e c t  t h e  v i s c o s i t y  o f  t h e  
p a r t i c l e  appear t o  have been reta ined,  f o r  f u r t h e r  increase o f  pressure has l i t t l e  
e f f e c t  on s w e l l i n g  ( l oose  b u l k  d e n s i t y ) .  Increased pressure i s  expected t o  reduce 
t h e  t o t a l  volume o f  p y r o l y s i s  gases released, b u t  because the gas volume i s  s t i l l  
many t i m e s  g rea te r  t han  the  volume of t h e  r e s u l t i n g  char, i nc reas ing  pressure from 
1.5 t o  5.5 MPa (200 t o  800 psig, o r  decreasing the volume o f  t h e  p y r o l y s i s  gases by 
a f a c t o r  o f  f o u r )  s h o u l d  n o t  have a l a r g e  e f f e c t  o n  swel l ing.  If t h i s  l i n e  of 
t h i n k i n g  i s  extended, it would p r e d i c t  t h a t  swe l l i ng  w i l l  begin t o  decrease a t  much 
h i g h e r  p r e s s u r e s  where t h e  volume of t h e  e v o l v i n g  gases i s  cont racted severe ly  
( loose bu lk  d e n s i t y  w i l l  increase) .  

E f fec t  o f  Cata lyst ,  Oxidat ion and Longer P a r t i c l e  Penetrat ion Time 

The e f f e c t s  o f  c a t a l y s t ,  o x i d a t i o n ,  and l o n g e r  p e n e t r a t i o n  t i m e  on the rmo-  
p l a s t i c i t y ,  as measured b y  FFSI, are sumnarized f o r  s e v e r a l  c o a l s  o f  i n t e r e s t  t o  
C C G  i n  F i g u r e s  4-7. These i n c l u d e  I l l i n o i s  No. 6, Va l l ey  Camp, and Hawk's Neft 
coais which a re  bituminous i n  rank ,  arid k'yoddk coal  wi i fc i i  i s  sub-b i tum inous  i n  
rank. 

The e f f e c t  o f  potassium c a t a l y s t  i s  t o  reduce t h e r m o p l a s t i c i t y  whether t h e  coal  i s  
purposely ox id i zed  p r i o r  t o  c a t a l y s t  a d d i t i o n  o r  no t  (F igu re  4). The e x c e p t i o n  i s  
Wyodak c o a l  w h i c h  i s  v e r y  c l o s e  t o  b e i n g  n o n - s w e l l i n g  even w i t h o u t  potassium 
c a t a l y s t .  Decreased s w e l l i n g  upon c a t a l y s t  a d d i t i o n  i s  t h o u g h t  t o  be due t o  t h e  
f a c t o r s  o f  s a l t  f o rma t ion  between the c a t a l y s t  and the coal, and reduced p y r o l y s i s .  

Oxidat ion a f t e r  c a t a l y s t  a d d i t i o n  reduces s w e l l i n g  f o r  t h e  more po rous  I l l i ' n o i s  
No. 6 ( 1 3  w t  % e q u i l i b r i u m  m o i s t u r e ,  uncata lyzed)  bu t  does l i t t l e  f o r  the much 
less  porous Hawk's Nest coal ( 5  w t  % e q u i l i b r i u m  moisture, uncatalyzed; F i g u r e  5 ) .  
This suggests t h a t  oxygen has d i f f i c u l t y  pene t ra t i ng  l ess  porous p a r t i c l e s .  

M i l d  o x i d a t i o n  alone can reduce s w e l l i n g  w i thou t  c a t a l y s t  addi t ion,  and more exten-  
s i v e  o x i d a t i o n  reduces  s w e l l i n g  s t i l l  f u r t h e r .  However, t he  a p p l i c a t i o n  o f  po- 
t a s s i u m  c a t a l y s t  a f t e r  o x i d a t i o n  r e s u l t s  i n  a l a r g e  a d d i t i o n a l  r e d u c t i o n  o f  
s w e l l i n g ,  p r e s u m a b l y  because the aqueous a p p l i c a t i o n  a l lows t h e  c a t a l y s t  t o  m i -  
grate t o  new sur face ac ids formed du r ing  ox ida t i on .  This  i s  demonstrated b y  l ower  
FFSI 'S a f t e r  a d d i t i o n a l  p e n e t r a t i o n  t i m e  i s  al lowed the  c a t a l y s t .  The e f f e c t  o f  
poor c a t a l y s t  d i spe rs ion  i s  a l so  discussed i n  the next section. 

The sequence of i n c r e a s i n g  coa l  s w e l l i n g  a f t e r  c a t a l y s t  app l i ca t i on  and ox ida t i on  
i n  preparat ion f o r  PDU o p e r a t i o n  i s ,  as shown i n  F i g u r e  7, Wyodak (FFSI=I.O) 
< I l l i n o i s  (FFSI=2.5-2.85)<Valley camp (FFSI=3.1) < Hawk's Nest (FFSI=3.6-4.5). 

E f f e c t  o f  Ca ta l ys t  Dispers ion 

Even when mixed w i t h  potassium c a t a l y s t  i n  an aqueous s l u r r y  and g iven an extended 
soak a t  m i l d  cond i t i ons ,  some coals  such as Hawk's Nes t  c o a l  do n o t  t a k e  up t h e  
c a t a l y s t  e f f e c t i v e l y .  The c a t a l y s t  l a y s  down as a r i m  on the  e x t e r i o r  o f  p a r t i c l e s  
which can c l e a r l y  be seen i n  Scanning E lec t ron  Microscope (SEM) photomicrographs o f  
p a r t i c l e  cross-sect ions.  When heated i n  the f a s t  photography c e l l ,  these p a r t i c l e s  
e x h i b i t  two d i s t i n c t  thermal behaviors. The we l l - ca ta l yzed  ou te r  r i m  does n o t  m e l t  
on h e a t i n g ,  b u t  m e r e l y  c r a c k s .  The p o o r l y  cata lyzed p a r t i c l e  i n t e r i o r  does mel t  
and f lows out  through the  cracks i n  t h e  unmelted ou te r  r i m  (FILM SEGMENT #3: Hawk's 
Nest + 12.2 w t  X: KOH) . 
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Effect  o f  Atmosphere 

The e f f e c t  o f  s e l e c t e d  i n e r t  and r e a c t i v e  qases on res idue  loose bulk  d e n s i t y  was 
examined because t h e r e  are a v a r i e t y  o f  gases i n  a CCG atmosphere which may have 
d i f f e ren t  e f f e c t s  on the rmop las t i c i t y .  Other work has shown t h a t  t he  na tu re  o f  t h e  
gas atmosphere does a f f e c t  t h e r m o p l a s t i c i t y  a t  p r e s s u r e  as measured b y  maximum 
f l u i d i t y  i n  a plastometer6. I n  t h e  Free F a l l  Swe l l i ng  Test, i t  was found t h a t  HE, 
He, C02, A r ,  and N2 gave res idues w i t h  dens i t i es  which spanned a range of o n l y  0.02 
g/cc (F igure 8 ) .  The cause o f  t h i s  small  d i f f e r e n c e  i s  thought t o  be the  speed w i t h  
which p y r o l y s i s  t a k e s  p l a c e  i n  t h e  F r e e  F a l l  Swe l l i ng  Test. Under cond i t i ons  of 
r a p i d  p y r o l y s i s ,  i t  may be p o s s i b l e  f o r  p a r t i c l e s  t o  become b l a n k e t e d  i n  an 
atmosphere o f  t h e i r  own p y r o l y z a t e s  wh ich  i s o l a t e s  t h e  p a r t i c l e s  f rom t h e  b u l k  
atmosphere. I f  some a d d i t i o n a l  conversion does occur i n  r e a c t i v e  gases (He, COz), 
then d e n s i f i c a t i o n  must occur a t  t h e  same t ime i n  order  f o r  t h e  coke d e n s i t i e s  t o  
be so s i m i l a r .  

Summary 

We have f o u n d  t h e  F ree  F a l l  Swe l l i ng  Test t o  be h e l p f u l  i n  the  guidance o f  p i l o t  
p l a n t  work and i n  d e t e r m i n i n g  t h e  e f f e c t  o f  s e v e r a l  C C G  v a r i a b l e s  on thermo- 
p l a s t i c i t y .  Under the  t e s t  cond i t i ons  o f  h igh  pressure and h i g h  heat-up ra te ,  t h e  
coal  thermoplast ic  p roper t y  i s  more pronounced than  a t  c o n d i t i o n s  o f  l o w  hea t -up  
r a t e  and low  pressure under which more convent ional  t e s t s  f o r  t h e r m o p l a s t i c i t y  are 
run.  Thus, t he  t e s t  i s  a more s e n s i t i v e  p robe  o f  t h e  t h e r m o p l a s t i c  tendency,  
e s p e c i a l l y  f o r  coa ls  hav ing a l i m i t e d  thermoplast ic  tendency. 
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I 

Coal Rank 

Equ i l ib r ium Moisture (Ut I)  

Free Swel l ing Index 

Ult imate Analysis (Ut I Dry Coal) 

Carbon 
Hydrwen 
Oxygen (Di f ference) 
Ni t rogen 
Sulfur. Total 

P y r i t i c  
Sul fate 
Organic 

Chlor ine 

Ash Elements (Sop-Free. I Ash. Dry) 

TABLE 1 - 
CHARACTERISTICS OF POU FEED COALS (UNCATALVZEOL 

I l l i n o i s  No. 6 
p a n t e r e y  No. 11 Havk's Nest 

Bituminous Bituminous 

13.4 5.1 

4 3 

69.4 75.6 
4.8 5.4 
8.9 10.2 
1.4 1.7 
4.6 0.5 
0.8 0.1 
0.1 0.0 
3.8 0.4 
0.2 0.1 

51.0 51.1 
18.4 23.9 
0.4 0.9 
1.1 1.1 

19.8 10.7 
4.9 7.8 
1.0 2.0 
2.1 1.4 
1.4 1.1 

Val ley  Camp 

Bituminous 

7.4 

2 

73.3 
5.6 

11.7 
1.4 
0.7 
0.2 
0.0 
0.5 
0.0 

60.0 
11.3 

0.3 
1.0 
7.4 

16.2 
2.4 
1.2 
0.3 

Ualden Yyodak 

Bituminous Sub-bituminous 

9.5 28.7 

0.5 0 

54.5 40.6 
29.0 22.7 

1.0 1.2 
0.7 1.7 
5.0 6.0 
8.0 21.2 
0.8 5.2 
0.3 0.5 
0.8 0.9 

Table 2 

ASTM Free Swel l ing Index (FSI) and Free F a l l  Swel l ing Index (FFSI) 
of Selected CCG Coals 

Coal 
Free F a l l  Residue 

FFSl(') Density, d c c  - ASTM FSI 

A Uyodak t K 0.0 (no swel l ing) 1.0 0.37 

8 I l l i n o i s  No. 6 t K (oxid.)  0.0 (no swel l ing) 2.6 0.15 

C I l l i n o i s  No. 6 t K (unox.) 0.5 (no swel l ing) 5.6 0.09 

( a )  FFSI condi t ions were 978'1. and 3.5 Wa. 

18 7 



848.3-152 

FIGURE 1 

SOME CATALYZED BITUMINOUS COALS EXHIBIT UNDESIRABLE THERMOPLASTIC BEHAVIOR 
WHEN FED TO A FLUID BED GASIFIER 
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PARTICLE PARTICLE COKE 
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FIGURE 2 

FREE FALL UNIT SCHEMATIC 
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FIGURE 3 

JNCREASED PRESSURE DECREASES ILLINOIS CHAR DENSITY 

8 HELIUM ATMOSPHERE 
8 lMJ°K 
8 ILLINOIS NO. 6 COAL 

.30 I I I I I I I 
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FIGURE 4 

CATALYST REDUCES THERMOPLASTIC SWELLING 

ILL. NO. 6 ILL. NO. 6 ILL. NO. 6 HAWKS NEST W O D A K  
~~ ____ 

KCATALVST: NO YES NO YES NO YES NO YES NO YES 

OXIOATION: 0-BEFORE CATALYST ADDITION +- NONE .-+ 
(ONE STAGE1 [TWO STAGE1 
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FIGURE 5 

OXIDATION REDUCES SWELLING OF THE MORE POROUS COAL 

K +  K t  
ILL. NO. 8 HAWK’S NEST 

I n 
UL 

OXIDATION : NO YES NO YES 
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FIGURE 8 

WHILE OXIDATION ALONE HAS AN EFFECT. CATALYST APPLICATION A N 0  INCREASED 
PARTICLE PENETRATION TIME RESULT I N  AN ADDITIONAL REDUCTION OF SWELLING 

ILLINOIS NO. 8 

OXIDATION : NONE 4 O N E  STAGE- 4 T W O  STAGE -W 

CATALYST: NONE NONE K K NONE K K 

SOAK: NO NO NO YES NO NO YES 
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FIGURE 7 

THERMOPLASTIC SWELLING OF CCG COALS VARIES 

PDU FEED COALS 

- K CATALYZED 
- OXIDIZED 
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FIGURE 0 

ATMOSPHERIC EFFECTS ON RESIDUE LOOSE BULK DENSITY 
ARE SMALL AT HIGH PRESSURE 

1W5OK 
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